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(57) [Abstract] 
[Objective] 

crystalline aromatic polyester which is superior is produced 
with melt polymerization method . 

[Constitution] 

isophthalic acid, hydroquinone. specific dihydroxy 
chemical compound and phenols at specificratio under 
existing of catalyst, heating and melting reacting, 
estenfication reaction ratio forming estenfied compound of 
50% or more, furthermore heating and melting doing 
including diallyl carbonate of 70 - 100 mole equivalent 
vis-a-vis unreacted — COOH group 100 mole, inherent 
viscosity produces aromatic polyester of 0.4 - 1.5 ranges. 
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Claims 
[»*« 1] 

TEa(i).(ii)fc*tf(ni W&tfLftiz&vnn 

tt*< 60/40-90/10 T?fc-i)5?S«l^ , JX7.x;K7) 

o o 



-c 



C I ) 



[Claim(s)] 
[Claim 1] 

In production of aromatic polyester which is constituted 
substantially thebelow-mentioned Formula (I ), by each 
component of (II ) and (III ), at thesame time, component (II ) 
with contained equivalent ratio of (III ) 60 40 - 90' 10 
isencountering, 

[Chemical Formula 1 ] 



CI) 



0 -R-0- 



CM ) 



[3t*. r immrn* 2-20 a>iBite«i8t<b**, 
*vtKP*v<b*»(c)i3cki;j&*ic(Si:rK 

1-10 (DT)^)^tL<\ty^-)^VS. 

[<b2] 



aromatic dicarboxylic acid which designates [In Formula, R 
displays aromatic hydrocarbon group to which carbon number 
includes aliphatic hydrocarbon, aromatic hydrocarbon or 
heteroatom 2 - 20. ] isophthahc acid or isophthalic acid as 
main acid component (a ), hydroquinone (b ), dihydroxy 
chemical compound which is shown with 
thebelow-mentioned Formula (IV ) (c ) and with alkyl group 
of according to need carbon number 1 -10 or the phenyl group 
optionally substituted phenols (d ), 

[Chemical Formula 2] 



HO— R— OH 


(IV) 


HO— R— OH 


(IV ) 



[RliiSUlI XDRtmto] 



[As for R same as R of Formula (III ). ] 
TEifl)(1). (2)iSJ:tf (3) 



Below-mentioned formula ( l ), (2) and (3) 



[a i] 

i 


[Mathematical Formula I ] 

I. 




3> (B + C)/A>0. 9 


■--(1 ) 
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i • i B - C ) A 0.9 


...(1) 


90/10>B/C^60/40 


-(2) 


90. 10 ■■= B C 60 40 


...(2) 


D/A<10 


-■(3) 


D A 1 0 


...(3) 



]£f*]B#[c;g£1-£S|£-c. ««fa>m£Tlcto 
*ft»»SJEl*LtoTxxf-^fcfilC»4< 50% 

cooHft ioo^;ui::*fU 70-ioo^e,ii^M<Z)v 

at, BSttS[4< o.4- 1. 5 (Drnmizfom^m 

Specification 
[*W0)»IBIJS»W] 

[000 l] 

eftttJf^ss^'jxxT^m^fts^Mic 

[0002] 

[ft*<7)&ffi] 

I4*g7-ii, awns. ««#t4* »**tt* » 

ti. ffintt. PBttic*ti4ic4,mit5 
bf. «att*»fc#'jxxT^(D»tt«i*» 



hydroquinone (b ), as for C dihydroxy chemical compound 
(c ), as for D it is each number of moles of phenols (d ). 

] At ratio which it is satisfied simultaneously, heating and 
melting reacting under existing of catalyst, esteriflcation 
reaction ratio after forming, furthermore heating and melting 
doing esterified compound of 50% or more vis-a-vis the 
unreacted— COOH group 100 mole, including diallyl 
carbonate of 70 - 100 mole equivalent, it forms aromatic 
polyester whichhas inherent viscosity in 0.4 - 1.5 ranges 
production methodo of aromatic polyester which denselyis 
made feature 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention regards manufacturing method of crystalline 
polyester polymer. 

Furthermore details have heat resistance, flame resistance* 
mechanical property and moldability which are 
superior,regard method which produces crystalline aromatic 
polyester polymer which is a isotropy in optical in efficient. 

[0002] 

[Prior Art] 

As for aromatic polyester, amorphous polymer* crystalline 
polymer or liquid crystal polymer and various ones are 
acquiredby combination or composition of ingredient. 

amorphous polymer among these is superior in dimensional 
stability, transparency* mechanical property* heat 
resistance, liquid crystal polymer is superiorin flow property, 
mechanical property* heat resistance* solvent resistance 
and can do various examination and is utilized. 

As for crystalline polymer, it is superior in heat resistance* 
mechanical property, solvent resistance* lubricity* 
stiffness vis-a-vis that of inspite, as for examination example 
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[0004] 

*s*$i*m 3,036,991 mz\t. P ,p' — e^x- 

t 0.5 T'fcot p— 7i— bW7?£b— 
A^EHJUttOdttlcWLdXit 40 

[0005] 

-£LT\ C©5fcgfts*$ 3,036,991 ^-(011^ 1 
l-li s y\>TKP+y>(0.04 ^71^4,4' — vfcK 

p+vt*7x-;u(o.oi *i\,)H*.iM % j-y*)i,m 

i-^4>"C«**1*-Lftr , 360~370deg C 
[0006] 

*Sfti*3? 3,160,602 ^|ZI4. 

^fiyijyi-^i/^'fKi: 2 <i<7)7i/— ;l 

fc$>7x-;U**-y--f>\ JUbv^i^U**-* 
fi£*-£,tt»ttJtA<'JK£fc 0.5 cdtK'Jt-^ 

[0007] 
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of crystalline aromatic polyester number it is small. 
[0003] 

As reason of this one, production method can be listed. 

In case of amorphous polyester, because solvent which melts 
polymer generally exists, polymerization which uses reaction 
solvent is possibleand, crystallization doing, solidification it 
does, because densely is not, whenrelative melt viscosity is 
low, melt polymerization method is utilized. 

In addition, when melt polymerization method is used making 
use of flow property concerning liquid crystal polyester, it is a 
majority. 

Because by way, you cannot discover satisfactory reaction 
solvent because solvent resistance is good and/or concerning 
crystalline polyester, usually become the polymer of high 
melting point, with melt polymerization method 
crystallization it does, withoutaccompanying hydrolysis 
reaction because polymer of high degree of polymerization is 
obtained andit is difficult densely, production was difficult. 

[0004] 

As such aromatic polyester, intrinsic viscosity which consists 
of p- "7x— ray Soviet phthalate unit which copolymerizes 
p,p'— biphenyiene isophthalate unit 0.5 at least, the p- 
phenylene isophthalate unit polyester of linear state which 40 
mole % is contained at leastvis-a-vis total of above-mentioned 
both unit is disclosed in for example U.S. Patent 3,036,991 
number. 

[0005] 

And, hydroquinone (0.04 mole ), 4 and 4 '-dihydroxy biphenyl 
(0.01 mole ) and condensation polymerization doing mixture 
of isophthalic acid chloride (0.05 mole ), in penta 
chlorophenyl, Working Example which acquires the polymer 
of melting point 360-370 deg C is disclosed in Working 
Example 1 of this U.S. Patent 3,036,991 number. 

[0006] 

On one hand, benzophenone^ m — terphenyL chlorinated 
biphenyk brominated biphenyU biphenyi chloride oxide, 
melting reactive mixture of aromatic dicarboxylic acid 
halideand bivalent phenol in solvent which is chosen from 
bromide diphenyl oxide as method which produces wholly 
aromatic polyester of linear state which consists of aromatic 
dicarboxylic acid and bivalent phenol , reacting with constant 
temperature, intrinsic viscosity 0.5 polymer forms isstated at 
least densely in U.S. Patent 3,160,602 number. 

[0007] 
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ftllflBS 58 — 47019 *iMBl*, -<y?$;U 

4,4' -y^ve7xz;^7t;H^«5,X 
li^V7^^K, /WKP*/>.4,4' — i/** 

[ooox] 

* bfC. ftM¥ 5—5024 #^«T'l*fg«tt** 
©*;i/tJ*v^I(D 50%ia±7i<XXx;Mt£ 



[0009] 

[ooio] 

^7U^>KfcJ:^v^xy-;u/$»fctt]^/-cv 
Coo i i 3 



[0012] 

i4, i oro^^^iijixi-otaMovT'j 



Furthermore, mixture which consists of isophthalic acid diaryl 
ester, hydroquinone and 4 and 4 '-dioxy biphenyl color ~f~ 
jpl 1 mixture, or isophthalic acid, hydroquinone. 
4,4' — dioxy biphenyl and diaryl carbonate melt 
polymerization it obtains the Japan Unexamined Patent 
Publication Showa 58 — 4701 9 disclosure, furthermore solid 
phase polymerization doing in accordance with necessary, the 
method which produces aromatic copolyester is disclosed. 

[0008] 

Furthermore, with Japan Unexamined Patent Publication Hei 
5—5024 disclosure phenols removes first in outside the 
system as manufacturing method of crystalline aromatic 
polyester, and until under difficult condition, 50% or more of 
carboxyl group of starting material is done esteriflcation, 
while distilling thewater which is formed in outside the 
system while executing, next phenols (d )and removing water 
which is formed in outside the system, it executes, It is 
disclosed concerning manufacturing method of crystalline 
aromatic polyester polymer whichobtains polymer of desired 
degree of polymerization. 

[0009] 

But, production method of polymer, when reaction solvent is 
used, for recoverycost it increases when, is a problem that 
with method of these prior public knowledge with heating and 
melting reaction those of high degree of polymerization are 
difficult to obtain. 

[0010] 

With method which obtains those of high degree of 
polymerization with heating and melting reaction,as shown 
on, method of designating acetyl ester and dicarboxylic acid 
as the starting material. Method of designating phenyl ester 
and biphenol as starting material. Method of utilizing diallyl 
carbonate which is added to dicarboxylic acid and the 
biphenol component, direct esterification is done method 
which can list dicarboxylic acid and biphenol component. 

[0011] 

By way among such method, as for method which designates 
the acetyl ester as starting material, while reacting because 
acetic acid forms, installation-wise correspondence becomes 
necessary. 

As for method which designates phenyl ester as starting 
material usually the starting material is procured in 
inexpensive densely being difficult, there is a problem that 
becomes high cost. 

[0012] 

In addition, with method which utilizes diallyl carbonate, 
diallyl carbonate of the equivalent becomes necessary 
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[0013] 

i=*^t©A<#c>*ittL^=«>ic*lljSa>*» 



[0014] 

*im«*^sj£a>fri=«fcyi*Mi=««>T 

^W-^Sfctf'Jxx^U^tSI&L?^;^ 
**»PJ©£&lc«ia>BWfcJ:i;ftJjSittJsL"F«> 

[0015] 

***#&l*Kl±0!)ttJltt.tl=*«*WLf= 

7i/-,/uJl£ffi^-CiIf$x;^nb£i££fT 
y7'j;u*-»K*-h*fiiC5Ric»jt.r 

t Z> * * W * (7) ft ft fc # 1 ) 7 - £ □ 7. h M I = 
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concerning carboxylic acid residue of one and the diallyl 
carbonate of large amount is necessary when, when diol 
component of aliphatic exists in polymer chain, there is a 
problem that polymer of high degree of polymerization isnot 
acquired because of removal of aliphatic carbonate. 

[0013] 

Furthermore direct esterification is done with method which, 
polymer of the high degree of polymerization is acquired 
dicarboxylic acid and biphenol with inexpensive starting 
material, but becausethose whose ester number ratio is high in 
fully are not acquired the sublimate of high melting point 
forming while reacting, there are times whencorrespondence 
with reactor becomes necessary, causes hindrance with 
continuous process. 

In addition there is a problem that heat resistance about of 
polymer of thesame composition which is produced with 
phenyl ester method and polymer whichpossesses satisfactory 
crystalline are difficult to obtain. 

[0014] 

[Problems to be Solved by the Invention] 

objective of one of this invention crystalline aromatic 
polyester polymer whichis superior is to offer method which 
quite it can produceprofitably in industrially with only melt 
condensation polymerization reaction. 

Other objective of this invention, obtaining polymer of kind 
of high degree of polymerization which includes aliphatic diol 
component and di "7x— jpl 1 component in polymer 
structure indifficult case, is to offer method which quite can 
produce the aromatic polyester profitably in industrially with 
only melt condensation polymerization reaction. 

Furthermore other objective and benefit of this invention from 
explanation below willbecome clear. 

[0015] 

[Means to Solve the Problems] 

If these inventors after doing direct esterification reaction 
result of diligent investigation, making use of dicarboxylic 
acid, dihydroxy chemical compound and phenols, 
polymerization reaction is done on thebasis of knowledge 
above diallyl carbonate in addition to reaction system, it 
isequal to case where phenyl ester is designated as starting 
material polymer which is superior produces profitably in cost 
densely to bcpossible, furthermore, It can produce also 
polyester which designates aliphatic diol which is arcstriction 
when diallyl carbonate is used as constituent with same 
method you discovered densely 
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[0016] 

iiiili. TfEstdK (Il)fccfci;(lil )0>£fc#l- 

Sti^lM.&tf 60 40-90/10 T'fc&^Slfrtf'JX 

[oor] 

[It 3] 
0 o 



-c 



- c - 



CI) 



[0016] 

In other words, in production of aromatic polyester where 
production method of the aromatic polyester is formed 
substantially with this invention below-mentioned Formula 
(I ), by each component of (II ) and (III ), at same time, 
component (II )with contained equivalent ratio of (III ) 60/40 
- 90/10 is encountering, 

[0017] 

[Chemical Formula 3] 



(in 



O-R-0 



(111 ) 



[0018] 

>B(a), /WKP^XW. Tia*(IV)-e7Tx^tv 
Utt 1-10 <DT ^4-;U*tL<l*"7x-;U*T*11 

[0019] 

Mb 4] 

HO— R— OH (IV)[R )<D R kffi 

Co]TKa»(lM2)fc\«/(3) 

[0020] 



[0018] 

aromatic dicarboxylic acid which designates [In Formula, R 
displays aromatic hydrocarbon group to which carbon number 
includes aliphatic hydrocarbon, aromatic hydrocarbon or 
heteroatom 2 - 20. ] isophthalic acid or isophthalic acid as 
main acid component (a ), hydroquinone (b ), dihydroxy 
chemical compound which is shown with 
thebelow-mentioned Formula (IV ) (c ) and with alkyl group 
of according to need carbon number 1-10 or the phenyl group 
optionally substituted phenols (d ), 

[0019] 

[Chemical Formula 4] 

HO— R— OH (IV ) [As for R same as R of Formula 

(III ). ] below-mentioned system (1), (2) and (3) 

[0020] 

[Mathematical Formula 2] 



1 . 3S(B + C)/A^O. 9 


-(1) 


l.3>=(B + C)/A 0.9 


..(1) 


90/1 0>B/C> 60/40 


-(2) 


90,10 >= B/C 60/40 


... (2) 


D/A^10 


(3) 
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D/A 10 




(3) 



?¥£Tlrtofc»»££ttLttTX7.7 i ;Mb5 

&.5fc£J£ — COOH £ 100 ^UcttLT 
70-100 t^aiOvT'JJU*— 

0.4-1.5 (DeBIC^^^Stt^JXT-x^^* 

Jdtett^z^ttairr&^tfctf'Jxx^u 

[002 l] 

#>II(a)l*. -fV^;HlXI4'fV7*yHI*± 

'So 

u^uafc, 3>£b>— 2,6— v*;u**>&, 
2,7— v*yu?H>». v7i- ;uv*i;u 

[0022] 

<D 20 ^e;u%iut. ff*L<l* io ^u%jjit. £ 
[0023] 

»*ti*S/tKD^rv<bft*(c)4<«L^b*i*. 
[0024] 

HO— R— OH (IV)RlixC(III)<DR<tf^i:T* 

*y,a*» 2-20 C0T/U*b>»,7U-U> 

[0025] 

it(iV)T«£ft6<t£1*<tLT. MttfcfcKn* 

>yja-;u. -<>^L/>yu3— 2— >^ ;u 
— 2— x*;u— 1,3 ^Q/<>v*-;u3*£. 3?S 



hydroquinone (b ), as for C dihydroxy chemical compound 
(c ), as for D it is each number of moles of phenols (d ). 

] At ratio which it is satisfied simultaneously, heating and 
melting reacting under existing of estenfication catalyst, 
esterification reaction ratio after forming, furthermore heating 
and melting doing esterifled compound of 50% or more 
including diallyl carbonate of 70 - 100 mole equivalent 
vis-a-vis unreacted — COOH group 100 mole, it forms 
aromatic polyester which has inherent viscosity in 0.4 - 1.5 
ranges it is a production method of aromatic polyester which 
denselyis made feature. 

[0021] 

Regarding to this invention method, aromatic dicarboxylic 
acid (a ) which is used is aromatic dicarboxylic acid 
whichbecomes with isophthalic acid or isophthalic acid as 
main acid component. 

As other aromatic dicarboxylic acid which is used with 
isophthalic acid as secondarybarrel acid component, you can 
list for example terephthalic acid* 
naphthalene — 2,6 — dicarboxylic acid . 

naphthalene — 2,7 — dicarboxylic acid % biphenyl dicarboxylic 
acid s diphenylether dicarboxylic acid, diphenylsulfone 
dicarboxylic acid etc as desirable ones. 

[0022] 

This secondary barrel acid component occupies 20 mole % or 
less, preferably 10 mole % or less, of wholly aromatic 
di-carboxylic acid, it is possible densely. 

[0023] 

Regarding to this invention, at least hydroquinone (b ) and it 
can use dihydroxy chemical compound (c ) which is shown 
with Formula (IV ) as dihydroxy chemical compound of 
starting material. 

[0024] 

[Chemical Formula 5] 

As for HO— R— OH (IV ) R being same as R of 

Formula (III ),you can list alkylene group, arylene group etc 
of carbon number 2-20. 

[0025] 

With aliphatic hydroxy compound, it is possible as compound 
which is displayed with Formula (IV ), to illustrate 4 and 4 
'-dihydroxy biphenyk 3,4' — dihydroxy biphenyl ether s 
4,4' — dihydroxy diphenylether, t-butyl hydroquinone etc 
neopentylene glycol, ethylene glycol, pentylene glycol, 
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vtKP*vt # 7i-^, 4,4' — vtKP+vv 
7x->iux— -f ;uA<»*U^ 

[0026] 
[»3] 



2-methyl -2- ethyl— 1,3 propanediol etc, as aromatic 
dihydroxy chemical compound. 

neopentylene glycol. 4,4'— dihydroxy biphenyU 
4,4'— dihydroxy diphenylether among these is desirable. 

Regarding to this invention method, above-mentioned 
compound (a ), as for (b ) and (c ), below-mentioned 2 
relationship 

[0026] 

[Mathematical Formula 3] 



1. 3^(B + C)/A^0. 9 --(1) 



1.3 >=(B -C ) A 0.9 ... (I) 
90/10^B/C^60/40 -- (2) 



90 1 0 B C 60/40 ... (2) 



It is used at quantitative ratio which is formed simultaneously. 



[0027] 

ZftbCDJt*. A f±5?SJSv*^^>»(a)CD^ 
>U»T*fcy.B lt/WKPV>(b),C (±xC(IV) 
"C**ti4<b^*l(c)<7)*^H»T*ft4o 

[0028] 

xt(i v)-e***i«fc**(c)i*. 2 «ja±* 

[0029] 

a(iv)-c*sti4<bd»(c)]4<»ft*at»* 

[0030] 



[0027] 

In Formula of these, as for A with number of moles of 
aromatic dicarboxylic acid (a ), as for B hydroquinone (b ), as 
for C it is a number of moles of compound (c ) which is 
shown with Formula (IV ). 

[0028] 

In addition, jointly using 2 kinds or more, you are not 
concerned, compound (c ) which is shown with Formula 
(IV ), but in entire amount of (c ) the above equation (l) (2) is 
satisfied is necessary densely even at that occasion. 

[0029] 

Above-mentioned Formula (I), aromatic dicarboxylic acid 
(a ) with because dihydroxy chemical compound [namely, 
hydroquinone (b ) and compound which is shown with 
Formula (IV ) (c )] forms polymer chain, maintaining suitable 
balance, it isgood to be used, it has shown densely. 

When Formula ( l ) of namely, upward direction is not 
satisfied, degree of polymerization of the polymer becomes 
difficult to rise, in addition coloration etc easy tohappen case 
of polymerization reaction. 

[0030] 
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<b£fc(a), (b)ftUf(c)©|Bi;ii. »£UliTIE 
M<IS(la)A</a«ifi.o 

[0031] 

[R 4] 



compound (a ), preferably below-mentioned relationship (1 
a ) is formed between the(b ) and (c ). 

[0031] 

[Mathematical Formula 4] 



1. 2£(B + C)/A^1. 0 


•••(1a) 


1.2>=(B-CKA 1.0 


• ■•(la) 



[0032] 

fife. T£<D3t(2)li. »btt5***7KUX^ 
(lV)T?*StLft<b*«(c)lca*1-4l^i|H4 

"J-fct^ /WKn*/>(b)<fc^(lV)T*^£*i5 
*b£#3(c)<t<7)^Utt B/C A< 90/10 * 



zrottA* 60/40 icaSfcfti^»dicii, tK'J 

[0033] 

/WKa*/>(b), 34(iv)-e**ti*<b^*(o 

CDmilCliTEIB«a(2a)A<jatir4ctA<»* 

l<, ty^itBB«a(2b)3b<iaa-r*ci:36<»ic 

[0034] 
[ft 5] 



[0032] 

In addition, Formula (2) of lower is something which 
hydroquinone which is occupied in aromatic polyester 
polymer which is acquired (b ) and the rule it tries to do ratio 
of polymerizing unit which derives in compound (c ) which is 
shown with Formula (IV ). 

When namely, hydroquinone (b ) with compound which is 
shown with Formula (IV ) (c )with mole ratio B/C exceeds 
90/10, melting point of polymer which is acquiredto become 
too high, because melt polymerization and formation become 
difficult^ is not desirable. 

In addition, when this value is not full in 60/40, crystalline of 
the polymer does not decrease, melting point does not become 
too high and/or isnot desirable. 

[0033] 

hydroquinone (b ), below-mentioned relationship (2 a ) is 
formed between compound (c ) which is shown with Formula 
(IV ) densely to be desirable, relationship (2 b ) is formed 
especially densely especially is desirable. 

[0034] 

[Mathematical Formula 5] 



90/10^B/C^70/30 


•••(2a) 


90/10 >= B/C 70/30 


..-(2 a) 


85/ 


15>B/C^70/30 




(2b) 


85 / 


15>=B/C 70/30 




(2 b) 



;u*iL<[i:?x-ju£T*a»£ftT^Tcfc^:? 
x/-;uJi(d)£m^c<hA<T*£&o 

[0035] 

A^£7x/-;uS(d)£LTf±. mxiiyj-y- 
;u. m-^b % /-;k p— p— ~J=f-)i> 
7x/-yu, p— 7^/U7xy~;u7x- ;u7xy- 



optionally substituted phenols (d ) can be used for other than 
(c ), with alkyl group or the phenyl group of according to 
need carbon number 1-5. 

[0035] 

This phenols (d ) as, you can list for example phenoL 
m — cresoL p- cresoL p- butylphenoL p- amy! phenol 
phenyl phenol etc as desirable ones. 
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[0036] 

c*ib<z>:7xy-;H$(d)l±, ±fiLt$>±%$1& 

**l-5(7)tftttt<.±E<b*Hl(a), (b)&tf(c)0 
[0037] 

fii=eA<a<.*fcsi6m4<»«Lic« % » 

^xy-;^S(d)C7)^lf*LL^^$ffl^lli±fB^b^^^!l 

(a)lC»LM«*:D/ASlO[A I4ftft*(a), D I* 
0.2 3&<fiEiL.«lCff*L<(*.BIfta:2^D/A 

^o.3 3b<fiEa^*<fe%a*Tfttffl-r* 0 



[0038] 

±E<b**(a), (b), ( C )fttf # 

OSMETIC, inJ»»IBfiJ£l*U6*o 

[0039] 

xx^Mbtt&iLTli, = mb7>* 

[0040] 

CBirA^ffL^S^'JxXx^a^ft^^fiE 
tt»*lBfilE:i±*OJU!fil£;t»AfiJ£ir»ltT 



[0041] 

L£*Wiclf*;u, o*y . *fii£©*;u*> 
KSIS ioo ^U'ttLT 7o-ioo ^us*** 

[0042] 
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Among these, phenol, cresoU o— phenyl phenol is more 
desirable, phenol especially isdesirable. 

[0036] 

These phenols (d ) in order to make ingredient of wholly 
aromatic polyester polymer whichis formed are not to be 
used, above-mentioned compound (a ), aresomething which 
operates initial stage of reaction between (b ) and (c )as 
reaction medium. 

[0037] 

Therefore but, as for this phenols it is not necessary always to 
use,person who uses phenols, reaction to be quick, in addition 
the reaction product to be difficult to disassemble, because 
also coloration islittle, one which is used is more desirable. 

As for amount used where phenols (d ) is desirable at 
quantitative ratiowhere relationship:D/A 10 [As for A 
compound (a ), as for D number of moles of phenols (d )] is 
formed vis-a-vis above-mentioned compound (a ),more 
preferably, relationship^ D/A 0.2 is formed, uses at ratio 
where particularly preferably, relationship^ D/A 0.3 is 
formed. 

[0038] 

With this invention method, above-mentioned compound (a ), 
(b ), (c ) and according to need phenols (d ),under existing of 
esterifkation catalyst, heating and melting it reacts. 

[0039] 

As esterification catalyst, it can use for ideal for example 
antimony trioxide, tin (I ) acetate, dibutyl tin oxide, 
germanium oxide, titanium tetra butoxide etc. 

[0040] 

Between heating and melting, esterification and 
transesterifi cation can advance and can form aromatic 
polyester polymer. 

As for heating and melting reaction dividing into initial 
reaction and polymerization reaction, it isconvenient to 
explain. 

[0041] 

Regarding to this invention, diallyl carbonate equimole, it is 
pluggedsubstantially vis-a-vis unreacted component, 70 - 100 
mole equivalent is addedto this initial reaction and between 
polymerization reaction vis-a-vis unreacted carboxylic acid 
residue 100 mole, it is animportant feature densely. 

[0042] 
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[0043] 

*vjU*<D'>fc<£:t 50%A<tKP*vBE»["f 
/\>fKP^r-/Xb)&l/*(IV)T*^3F*lS 

<bS*i(cK *£licfcoTli£bic7x/-;i,8 
(d)]fcfilCL"Cxxx;uft*i*4SPi"C**o 

[0044] 

ISOdegC &±<tf ^^frFtLl^o 

*y»*ui* isodeg c eLt-e&y * 

<l* 230degCKJL±T*fe4o 

Z<D»£<D#£L^±ISIi 330deg C "Cfcy . <fc 
*J #*L<I± 300deg C SSTrfc^o 

[0045] 

a(IV)T*7*£;ft£<t£fc. 7x/-^SKd)<D» 
[0046] 

S?£L<li 30 tt-20 »|«.<fey»*L<li t-io 
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As this diallyl carbonate, for example diphenyl carbonate and 
diallyl carbonate etc which possesses substituent such as bis 
(4 -methylphenyl ) carbonate, bis (o— phenyl phenyl ) 
carbonate can be listed. 

You can use diphenyl carbonate among these desirably. 
[0043] 

Being, you detail below order concerning reaction. 

As for initial reaction, carboxyl group of aromatic 
dicarboxylic acid (a ) 50% hydroxy component [namely, 
hydroquinone (b ) and compound which is shown with 
Formula (IV ) (c ), whendepending, furthermore phenols (d )] 
withreacting at least, is step which esterification is done. 

Because with this step water forms with reaction, this is 
removedoutside reaction system. 

With this step it is necessary for hydroxy component to try 
does not removethat outside reaction system. 

[0044] 

reaction temperature of initial reaction differs even in 
catalyst , but it is desirableto make 1 50 deg C or greater. 

With more preferably 180 deg C or greater , it is a particularly 
preferably 230 deg C or greater. 

In addition as for reaction temperature, with advance of 
reaction temperature rise it isdesirable to do. 

In this case desirable upper limit with 330 deg C, is more 
preferably 300 deg Cextent. 

[0045] 

initial reaction does under ambient pressure- pressurizing, it 
is possible densely. 

When reaction temperature especially is made high, in 
comparison with boiling point of compound, phenols (d ) 
which is shown with Formula (IV ) it reacts under the 
pressurization condition densely it is desirable. 

In addition, reaction system makes under nitrogen, argon or 
other inert gas atmosphere, it is desirable densely. 

[0046] 

If above-mentioned esterification reaction advances reaction 
time, should have been thetime when it is enough in fully, in 
addition, this time differscven in reaction time, reaction 
scale etc. 

It is a preferably 3 0 min-2 0 hour, more preferably 1-10 
hours extent. 
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[0047] 

^fULtz^lt. :7xy-;U|®(d)£0>>*&£lc<fc 
ySl£&ni^&£r£c£A<T*i#£A<, 

J:yfil£*ni^*1"4-i:t"etfto 

[0048] 

— cooh fl£ aiS-T-Sztir cfey»4zi:6<-C# 

So 

(4 60-95%. ftiZjf £L<I* 70-95%T:fc<&o 
[0049] 

ft. 

IEiil£<7)£T'*&J£- 



-cooh liickysR*)*© 



[0050] 

COOH 100 ^UcttLT 70-100 ^A^fc^jQ 

£bl::#£L<li 75-95 *;ua*-e*4« 

70 ^;u^iiUTT'f*. v7'J;urt-#*-h* 
S6»Lfc»»6 < 'h*<. ioo ^;ua*Bi±-ei* 



[0047] 

At time of above-mentioned reaction, water which occurs due 
to estenfication is removed outside reaction system densely is 
desirable. 

Water which with equilibrium reaction , is formed is removed 
following to the outside the system, reaction advances 
esteriflcation reaction, yield, purity of product improves. 

Water which it forms it can remove outside reaction system 
phenols (d )with with boiling point difference , can also 
remove outside reaction system with azeotropic boiling ,but 
making use of organic solvent which forms azeotrope with 
water. 

As said organic solvent, if substantially in stability, water and 
it shouldhave been something which azeotropic boiling is 
done with reaction system withoutdisassembling with that 
itself reaction condition. 

Concretely, you can use toluene* xylene* ethyl benzene or 
other aromatic hydrocarbon desirably. 

[0048] 

reaction ratio of esteriflcation reaction in initial reaction 
makes 50% or more, it is desirabledensely. 

This esteriflcation reaction ratio you inform it is possible 
densely, by quantity of thewater which is formed with 
reaction, but in order to seek moreaccurately, it removes 
portion of reaction product, you inform bymeasuring 
unreacted— COOH number it is possible densely. 

esteriflcation ratio in initial reaction is more preferably 
60-95%. particularly preferably 70-95%. 

[0049] 

Like above after initial reaction, diallyl carbonate addition 
quantity is decided on basis of thequantity or 
unreacted— COOH number of water which is formed. 

unreacted— COOH number compared to in point of 
correctness it is desirable toseek. 

[0050] 

70 - 100 mole equivalent adds diallyl carbonate addition 
quantity, vis-a-vis unreacted— COOH 100 mole densely 
isdesirable. 

Furthermore it is a preferably 75-95 mole equivalent. 

With 70 mole equivalent or less, effect which adds diallyl 
carbonate is small, with 100 mole equivalent or more 
carbonate bond mainly to be easy to remain to cause 
solidification whichis in midst of coloring and polymerization 
is not desirableeasily in polymer 
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[0051] 

i\ »£K££ R »IC jftff ft »<PtK>J "7— 



[0052] 

5B**b»lc«IHld:/i<*aLfcattaA/-Ct 

[0053] 

3fc(»»£fi£li, *&lcx;vr JMbA<itt;£H 



COOH tfii£L.xB<b«*.7k^x/-;ua 

-So 



[0054] 



380deg C T4f 



LC fllitf . #'Jv-<Dffl*tt*A< 0.5 SIS* 
V\t. ttf £L<I* 230-340deg C g«<D£JtT?£ 

340~380deg C\ cfc L Jff£L<li 340-360deg C CD 

ccDBL ^xy-;uS(d){iiai|x^H»ttffl*ti 

4o 

[0055] 



[0051] 

This diallyl carbonate is consumed in following 
polymerization reaction, supplies unreacted esterification 
ratio,advances polymerization reaction smoothly and to be 
large returningapproaching, leaning does in order to obtain 
satisfactory polymer. 

[0052] 

As diallyl carbonate addition method, if after initial reaction it 
restricts it is not especially and cooling after doing, it is 
possible to insert and, while it is a initial reaction temperature 
diallyl carbonate in addition to reaction system it is good, 
butunder condition which air etc does not mix, it is 
desirabledensely. 

[0053] 

As for following polymerization reaction, when furthermore 
esterification advances,simultaneously, with ester and 
reaction of hydroxy component and diallyl carbonate which 
are formed to that advances and it is a step which 
thepolymerization advances. 

With this step carbon dioxide, water, phenols forms. 

Try water and phenols to distill to outside reaction system. 

diallyl carbonate reacts with unreacted — COOH with this 
step, carbon dioxide, water, forms phenols, is been useful to 
improvement of esterification ratio. 

[0054] 

reaction temperature is executed desirably with initial reaction 
temperature to 380 deg C. 

polymerization reaction executes is necessary densely under 
melting polyester. 

Polymerization advances following, because melting point of 
reaction product rises, while temperature rise doing gradually, 
it is desirable to do, the inherent viscosity of for example 
polymer to 0.5 extent, is executed with temperature of the 
preferably 230-340 deg Cextent. 

In case of inherent viscosity above that, melt polymerization it 
is done with temperature of preferably 340-380 deg C\ more 
preferably 340-360 deg C. 

In this case, phenols (d ) recovers and is reused. 
[0055] 

Also diallyl carbonate reacts in this polymerization reaction, 
carbon dioxide, water, phenols forms. 
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c<Dv7'j;ua-#*-H**fii£0>— cooh 



[0056] 
[0057] 

[0058] 

H^ttK 0.4-1.5 a>***#'Jx*-r 

»*U*H*ltt£li 0.45-1.0 T*fc l A<fcytf£L 
<li 0.5-1.0 T'fc-So 

[0059] 

•So 

;u*>IU*»(a)ic»LT o.ooi~i «;u%a«» 
*yff*L<ii 0.01-0.5 =E/u%gJf rfc-So 

«0 XH fi It t * £ R 15 1 © IB! T* CD * ft] A< » * L 

[0060] 



carbon dioxide, water, phenols forms. 

As for this diallyl carbonate in order to react with 
unreacted— COOH group, sublimate of the high melting point 
is controled, furthermore advances also polymerization 
reaction more smoothly. 

[0056] 

When degree of polymerization raising it does, it executes 
aromatic polyester which is acquired by the this invention 
method with reactor etc of extruder type densely it is 
desirable. 

[0057] 

While polymerization reaction letting flow under or inert gas 
vacuum, removing hydroquinone or other dihydroxy aromatic 
compound which is used for water and phenols, and 
according to needs excess which result of reaction are 
formed forcedly outside reaction system, it isprofitable to do. 

[0058] 

According to above-mentioned this invention method this 
way, with only melt polymerization, inherent viscosity is 
acquired 0.4 - 1.5 aromatic polyester polymers. 

Desirable inherent viscosity with 0.45 - 1 .0, is more 
preferably 0.5-1.0. 

[0059] 

Furthermore, regarding to this invention method, it executes 
under existing of the heat stabilizer densely to be desirable, 
various phosphorus compound are desirable as this heat 
stabilizer. 

phosphorous acid, phosphoric acid, triphenyl phosphite, 
triphenyl phosphate, triphenyl phosphine etc is desirably 
illustrated as this phosphorus compound. 

amount used where this stabilizer is desirable is 0.001 - 1 
mole % extent, more preferably 0.01-0.5 mole % extent 
vis-a-vis aromatic dicarboxylic acid component (a ). 

In addition, there is not especially restriction as addition time. 
Addition between initial reaction and polymerization reaction 
is desirable. 

[0060] 

With this invention as for crystalline aromatic polyester 
polymer, with molten state with the isotropy , extrusion 
molding, injection molding or other conventional melt 
molding is possible in optical. 

Furthermore, melt molding doing said polyester, because 
molded article which itacquircs not only it is superior, 
hygroscopic is small to mechanical property, dimensional 
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[0061] 



^§&7Kyxxx;u£#BSIS*4<tLTm^* 

y. ^^ttt(pi±*ii-fcy. ft»ttftmi^cfeyisE 

a— ju-fftzte. TKUxxx^lzfci^TUSL 
i*mH£fc«*fi£--cooH ***#<M'>* 

[0062] 

/K'JV— a>Hfl*5K(Inhcrent Viscosity) f*7x/ 

->u/T-h7$a;ux*>a£*«(Mtfc 60/40) 

* ffl o.3g/di as 35de g c -caiSLfcH-e 



*y7-(7>ll|jS(Tm)ai;x*|E»jft(Tg) 

»Ktt»A^b©p»afSfiftas Tdc i* dsc * 
«i**aa«*»as* iode g c/»-c*sl 

360deg C "CH* U I000/#fl)*-e* 
Lfco 

ckytr^tt*<bA<*»iit7-r4B»nii(*isa<b 
«HHi)S390dcgc-ea>*nitt«A^#iSJHba 



stability, heat resistance, chemical resistance, flame 
resistance,this aromatic polyester polymer quite is useful as 
engineering plastics, fiber, film or other material. 

[006 l] 

[Effects of the Invention] 

Like above, according to production method of aromatic 
polyester polymer of this invention,making use of inexpensive 
starting material, at same time, it is similar to casewhere 
expensive starting material is used with only melt 
polymerization method aromatic polyester which possesses 
crystalline, color which is superior it is a producible. 

According to namely, this invention time when it requires in 
crystallization it isshort, it is something where polymer where 
crystallization temperature at time of cooling from molten 
state is high is acquired. 

Because of this, when aromatic polyester which is produced 
with production method of this invention it uses, as resin 
starting material productivity it improves by shortening 
molding cycle, also various coloration becomes possible with 
thesatisfactory color vis-a-vis molded article. 

Furthermore, because, by fact that addition quantity of diallyl 
carbonate iscontrolled, often unreacted — COOH group which 
becomes problem is decreaseddensely is possible largely in 
polyester hydrolysis resistance etc it improves itis possible 
densely. 

industrially mind of this invention quite is large from thing 
above. 

[0062] 

[Working Example(s)] 

Below, listing Working Example, you detail this invention. 

In Working Example "part" it is simply "parts by weight " to 
mean, inherent viscosity (In herent Viscosity ) of polymer is 
value which was measured with concentration 0.3 g/dl 
temperature 35 deg C making use of phenol/tetrachloroethane 
mixed solvent (weight ratio 60/40 ). 

In addition, melting point of polymer (Tm ) and cooling 
crystallization temperature Tdc from second order transition 
temperature (Tg ) molten state measured also heating rate 
cooling rate with 10 deg Cper minute making use of DSC. 

In addition, it measured melt viscosity with 360 deg C making 
use of the flow tester, showed at value of slip speed 
1 000/second. 

In addition it did when crystallization half time (half 
crystallization time ) which isadvanced each crystallization 
temperature and temperature jump it does from molten state 
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[0063] 

immm ij 

-fv7^;u» 166 », /wkd*v> 9i 
^>^b>yj=i— ;u 21 tl.-jxs—n, 94 sc. 

=mb7>**:/ 0.09 mmn»9&thm$: 

It 14 100/83 20/100), ££S**»Lfc&S*l 
flCET 280deg C izmf^Ltzo 

E2)£ 8kg/cm 2 frb 2kg/cm 2 IC&^ICTIfO 
* 78%) 0 



CKDSJ&iidtoKOHTSfcffl— COOH H^ai 

JU1 75%)-Cfcofc 0 
[0064] 

*-h83gpfc,£o;Mj:7i^u:7**;77-fho.33 

CrolHIICSJESSli 280deg C <fcy 340deg C $ 

*i=srt*af*i=*EtL 60 #&i-i±#j 

0.5mmHg (DftHQTtLXZ bl= 60 

ftbtl/iTpJV— liB^tta 0.53,Tm348deg 
C. Tgl34deg C, Tdc284deg C 0>*g&tt0)fitf 

c<75;KU7-<D¥£g<bf$mi*. ISftltjglf 

150~l80degC ICfclvCt?13.5 #T?fcofc. 

[0065] 

[tfctfcfli 1] 

h . # b tl # 'J V - li B * tt If 0.51 . 

Tm342deu C Tgl31deg C\ Tdc252deg C T-fco 
tz. 
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with 390 deg C, being attached, measuring, it made 
crystallization rate of polymer, with deviation from polarized 
light strength method and criterion of crystallization rate. 

[0063] 

[Working Example I] 

isophthalic acid 16 6 paru hydroquinone 9 1 part, 
neopentylene glycol 2 1 part, phenol 9 4 paru antimony 
trioxide 0.0 9 part was inserted in reactor which has stirrer 
distillation system and (As for mole ratio of isophthalic 
acid/hydroquinone/neopentylene glycol/phenol 100/83/20 1 
100), the nitrogen substitution after doing, system was heated 
to 280 deg C under nitrogen pressure. 

While gradually from 8 kg/cm 2 lowering pressure to 2 
kg/cm" , whileremoving water which at same time it forms 
with reaction in outside the system 10 hours it reacted. 

At this time water of 28 part formed (estenfication reaction 
ratio 78% ). 

After that unreacted phenol was expelled to outside the 
system. 

When terminal — COOH group was measured concerning this 
reaction mixture they were 1760 (equivalent/T )(estenfication 
reaction ratio calculated value 75% ). 

[0064] 

Next, you reset reaction system to ambient pressure, while 
removing volatile component in nitrogen stream in outside the 
system, including diphenyl carbonate 8 3 part and triphenyl 
phosphite 0.3 3 part 180 min you reacted. 

At this time temperature rise it did reaction temperature to 
340 deg C than 280 deg C. 

It designated inside of system as vacuum next and gradually 
as under the high vacuum of approximately 0.5 mmHg and 
furthermore 60 min it reacted60 min later acquired polymer. 

polymer which it acquires was crystalline satisfactory 
polymer of the inherent viscosity 0.53. Tm 348 deg C. 
Tgl34 degC\Tdc284 deg C. 

half crystallization time of this polymer was approximately 
3.5 second in crystallization temperature 150-1 80 deg C. 

[0065] 

[Comparative Example 1] 

When reaction which is similar to Working Example 1 
without adding the diphenyl carbonate after initial reaction 
was done, polymer which is acquired was the inherent 
viscosity 0.5 L Tm 342 degCTgl 31 deg C\ Tdc252 deg C. 
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170deg C irfcl^TaSO) 5.5 160deg 
[0066] 

L/D42 <D 3Omm0P^(6lls]lE2 HX^7.h>U- 

tK'JV-SSE 350~360deg C\ X^'Ja-[s]|E» 
lOOrpm,K£7->T-0¥$;*;8B#ffl#} 10 

->^v-;H"*Ci:l-«fey.2 MBr<7>*>hP 
lmmHg(7)J|Sl;«o/-rc 

[0067] 

C <D J: 5 1 C L T # «b ft ;K 1 J 7 - 1 * & f£ g, 
tf£WL.@WttS 0.62 . Tm348deg C . 
Tgl40deg C\ Tdc292deg C\ *J£iHtB$fW![i 
160~170degC iCfcl^Tft 4.5 *frT'fc-37c„ 

[0068] 

[ttBfl 2] 

-fV^HS 166 SP. /WKP4r/> 91 SS. 
-h 428 «P, HM^T^^^l^ 0.09 SP£flt#g 

■»ai**iixfcfi(E»ictta*('fv7^;u 

7 i : * - # * - hffl t Alt li 
100/83/20/200). ft)WStEI*ftt5l*S*ft;75 
»«*#***H=H4*-&oo I80ttffl£ 

jgJSI* 200deg C M 340deg C * 

*U:*l»lSft*l=*EiU60 

0.5mmHg ©BUSTtLfcA^ £ t^Slfcft 



[0069] 
[XMH3] 

■fV7*;m 166 «. / WK04r^> 81 4,4' 
— vfc Ka^vv7i-A 59 «, 7x^-;U 47 flt 

fc£tfH»<t:7>^E> 0 09 flte.ilttSS. 

/WKa4F-y>/4,4' -vtKa+yv7i-^/7 

x/— JKD^Utfcli 100/73.5/31.5/50 iCtS^f 
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As for half crystallization time of this polymer in 
crystallization temperature 170 deg C with 5.5 second of the 
shortest, with 160 deg C or less crystallization is seen 

[0066] 

[Working Example 2] 

Next, polymer which is acquired with Working Example 1 
making use of 30 mm;ph corotating twin-screw extruder of 
L/D42 which possesses vacuum possible vent in 2 site, melt 
reaction was done under condition of average residence time 
approximately 10 min with polymer temperature 350-360 deg 
C, screw rotations 100 rpm, vacuum zone. 

In this case, providing screw part of conventional transport 
screw and reverse direction in the front part of each vent, it 
maintained vent of 2 site at vacuum of respectively 
approximately 1 mmHg by seal doing vacuum zone. 

[0067] 

polymer which it acquires in this way had satisfactory 
crystalline,inherent viscosity 0.62. Tm 348 deg C, Tgl40 
deg Cs Tdc292 deg C, half crystallization time was 
approximately 4.5 second in 1 60 - 1 70 deg C. 

[0068] 

[Comparative Example 2] 

You inserted isophthalic acid 1 6 6 part, hydroquinone 9 1 
pan. neopentylene glycol 2 1 part, diphenyl carbonate 42 8 
part, antimony trioxide 0.0 9 part in reactor which has stirrer 
distillation system and (As for mole ratio of isophthalic 
acid/hydroquinone/neopentylene glycol diphenyl carbonate 
100/83/20 / 200), youdid not do initial reaction and while in 
nitrogen stream, removing volatile component in the outside 
the system, 180 min you reacted. 

At this time temperature rise it did reaction temperature to 
340 deg C than 200 deg C. 

It designated inside of system as vacuum next, gradually 
made under the high vacuum of approximately 0.5 mmHg 60 
min later, but solidification it did reaction product promptly 
and low molecular weight compound of high melting point 
only acquired. 

[0069] 

[Working Example 3] 

You inserted isophthalic acid 16 6 part, hydroquinone 8 1 
part, 4,4'— dihydroxy biphenyl 5 9 part, phenol 4 7 part and 
antimony trioxide 0.0 9 part, in reactor which has stirrer, 
distillation system and (mole ratio of isophthalic 
acid'hydroquinone/4,4' — dihydroxy biphenyl phenol equals to 
100/73.5/31.5/50. ), you pressurized with nitrogen and heated 
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4). a*TWEL 280degC irttl^Lf:, 
E*)£ 5kg/cm : ^f> 2kg/cm2 Izft^lCTIfO 

^ 78%)*l^T*£l£*£ttElcRLv:7x-ji,a 
-7f;*-h 85 «S(*S(5<D*;U*>ll3l5J| 100 

h 0.33 SS^te^., S**»4». If******* 
lc®££-t*00 60 tt&IClilft 0.5mmHg 0)ft 
J|£T<!:LT 60 ttfHfifcSttTJK'J"?-** 

fc. 

fcbtlfctf'J^-liBfrttS 0.76. Tm332deg 
(\Tgl69deg C.Tdc282deg CT*$£S140>a# 

[0070] 
[tfc»« 3] 

5. ftbflfctf'JV-l*. II*«S« 0.78. 
Tm325dcg C\ Tgl70deg C\ Tdc273deg C T'fto 

[0071] 

So 
So 



to 280 deg C. 

While gradually from 5 kg/cm 2 lowering pressure to 2 
kg/cm<SP>2</SP> , it removedwater which at same time it 
forms with reaction in outside the system,5 hours reacted. 

At this time water of 28 part formed (esterification reaction 
ratio 78% ) next to reset reaction system to ambient pressure, 
while in nitrogen stream, removing volatile component in 
outside the system, the diphenyl carbonate 8 5 part (Vis-a-vis 
unreacted carboxylic acid terminal 100 mole 90 mole 
equivalent ), including triphenyl phosphate 0.3 3 part, as 
under high vacuum of approximately 0.5 mmHg, 60 min 
reacting 60 min later it acquired polymer. 

polymer which it acquires was crystalline satisfactory 
polymer with the inherent viscosity 0.76, Tm 332 deg C\ 
Tgl69 deg C\ Tdc282 deg C. 

[0070] 

[Comparative Example 3] 

When reaction which is similar to Working Example 3 
without adding the diphenyl carbonate after initial reaction 
was done, polymer which is acquired was the inherent 
viscosity 0.78, Tm 325 deg C. Tgl70 deg C. Tdc273 deg C. 

[0071] 

As shown in Working Example and Comparative Example 
above, aromatic polyester which is produced by production 
method of this invention is superior in crystalline, you 
understand densely easily. 

In addition, when aliphatic diol it includes as constituting 
unit, it understandsthat satisfactory polymer can be produced. 
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